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Terminal Fucal-aGlcNAc mol^tJes are displayed by 
mammalian cell surface glycoconjxi^tcs In a tjasue-spe- 
Cl0c mannGT-. ThoSd ollgosacclmride* participate In 
Icctin'dependent leukocyte adhesion and Iiave been 
implicated in adhesive events during murine embryo- 
geneais. Other functloiis for these molecules remain to 
be d^ned, as do the tissue-specific expression patterns 
of the corresponding «-(l-3)-)EiicosyItraxisfera4e (al- 
3FT) genes. This report characterizes a murine ofl-3FT 
that shares 77% amino add sequence identity with hu- 
man ELAM ligand fucosvl transferase (KLFT, also 
termed Fuc-TlV). The corresponding gene maps to 
mouse chromosome fl in a region of homology with the 
Fuc-TlVlocus on human chromosome Ilq^ Jn vitro, the 

"murine al-3FT can emclently ^cosylate the trisaccha- 
ride Galal-3Gal/31-4GlcNAc (apparent iif^ of 0,71 mM) to 
form an unusuaj tetrasaccharlde (CaIoil-3Galpl- 
4[FUco!l-3]GlcNAc) described in perlimplantation 
mouse tissues. The en^me can also 'form the Lewis x 
determinant frgmlSalffi-4QlcNAc ;=^.05 mM), and 

'^le sialyl Lewis x determinant from NeuNAcoa-SGalffl- 
l^lcNAc = 1.78 mM)* Jhlovyever, it does not yield sialyl 

"^Lcwis X determinants when ejcpressed in a mammalian 
cell line that maintains sialyl Lewis x precursors, Tran- 
script:s from this gene accumulate to low levels in hema- 
topoietic organs, but are unexpectedly abundant in ep- 
itlieUa that line the stomach, small intestine, colon, and 
epididymus, l^lthelial cell-specific expression of this 
gene suggests function (s) in addition to, and distinct 
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from, its proposed role in »electin ligand synthesis. 



OlJgosaccharidcs rcpnisent major components of animal cell 
surfaces and are beliovcd to funcuon in cellular Interactioiw 
during development and dlfferentlaClon (1,2), oncogenic trans- 
formation (3), and inflammation (4). Identlficatian of specific 
oligosaccharide Ugands for the sejectin family of cell adhesicin 
molecules directly IjnJ<s cell surface carbohydrates to cell-c«ll 
communication in the cDntext of inflaimnatoiy response (5-7). 
The proposed Hgands for E-sdcctln and P-selectln are fucosy- 
lated oligosaccharides (for review, see Refs. 4 and 8). whose 
biosynthesis is catalyzed by a-(l-3)-fuco6yJ transferases (aj- 
3FTs).* lliese enzymes are encoded by one or more distinct and 
tightly regulated ocl-3FT genes. 

Much of the Interest in discovering functional roles for oligo- 
saccharides during development is derived from studies docu- 
menting precise temporal^patlal expression patterns for some 
oligosaccharides during human and murine embryogenesis (9- 
12). The murine stage-spedflc embryonic antigen- 1 (SSEA-1; 
(Gal^l-4[Fucal-33GlcNAc; Lewis x)), for example, is ex- 
pressed coincident with morula compaction at the 8-16 cell 
stage of the preimplantation mouse embryo (13, 14). Since 
SSEA-1 structural analogs appear to inhibit compaction. It has 
been suggested that this antigen may participate in this proc- 
ess (1, 2). While it has been proposed that the SSEA-1 deter- 
minant functions to promote homotypic adhesion (15), neither 
the physiological relevance of this interaction during compac- 
tion nor the e^tence of other preimplantauon-spedflc recep- 
tors for SSEA-1 have been demonstrated. Furthermore. It has 
not been possible to identify and directly demonstrate func> 
tlonal correlates for SSEA-1 expression patterns during early 
embryogenesis. 

Virtually nothing Is known about the molecular mechanisms 
that determine the tissue-specific and devejopmencaljy regu- 
lated expression patterns of the oligosacchsrJdss impikated in 
morphogenic events during early murine embryogenesis. Jfc£x- 
pressJon of surface-localized SSEA-1 molecules may be regu- 
lated by dlfTerentJal ejcpression of ocl-31?T(s) required for their 
synthesis (16) and of slalyltransferases (17) and an ff-(l-3)- 



"The abbreviations used are: irl-3FT. (i-(I-3)-fucosyltransfcrJssc. 
ELFT, ELAM-i Ugand fucosyl transferase: PCS. fetal calf scnim: 1^1 EL, 
murine eryOiroIeiikfimla coU line; HPLC. high performance liquid chro- 
matography; bp. base palrCs); Kb, ki)obase(s}: GDP-fiicose, ^D-A^ac6lyl- 
glucosamlnldc 3-a-l/-fuco^Ui^»>sferase. 
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gajactosylcransrerase (18) that may mask SSEA-1 expression 
(9. 10, J 8). The relative contiibutlons of these and other regu- 
Jatoty mechanisms, in the context of the developing embryo, 
remain undefined. 

'I'o begin to define, in detail, the enzymes and mechanisms 
thac determine expression of Fuc£i:l-3GlcNAc linkages In mu- 
t-lne ceU surface oligosaccharides. >ftra have Is olated and char-. 
acterized a murine ^ene that cofresix)nds to a h irman al-SFT 
jzene termed Fuc-TIV (Refe. 19 arid P -O; also known as ELFT for 
ELAM-1 IJgand fucosvl transferase. Ref. 21). The mouse en- 
zyme differs from human Fuc-TIV/ELFT in its relatively higher 
apparent affinity for a-(2-^)'Sla)ylated type acceptor sub- 
strates in vitro, and is able to efficiently synthesize an unusual 
tetrasaccharide (GaJtfl-3Gal^l-4[Fucq!j-3]GlcNAc) whose ex- 
istence In pBriltnplantaUon mouse ussues has been previously 
Inferred (10). Northern blot analyses conflrm that transcripts 
corirtsponding to this gene accumulate in leukocytic ctsll lines 
and In leukoiytc-rich tissues in the mouse- However, these 
analy^. and companion in situ hybridization studies, demon- 
strate that Fuc-TIV/ELFT transcripts are unexpectedly abun- 
dant Jn epithelial cells lining die gastrointestinal and r<^ro- 
ducUve tracts and surest that this sequence, and the cognate 
FucttI-3GlcNAc llnKages whose expression Jt determines may 
have unexpected functions In these tissues. 

EXPgRIMENTAL PROCEDtJRES 

Call Ctr/fU/T— COS.7 cells wore gmwn in Dulbecco's modUlctl Eagle's 
ntadlum, 10% fcuil calf serum (FCS). The murine B ceU line Sl07 <22) 
and the murine T cell line EL4 ihlCC TIB 39, Re£ 230 were obtained 
from Dr. Jcflrey Leiden (University of Chicago). S107 colls wen? cul- 
tured in RPMI 1640 media, 10% PCS afid 50 ^ 2-racrrapCoechanoI. 
The EL4 line WOT itialntained in RPMI 1640 madia, 10% FCS, Thi; B ceU 
hybildGma Uncs THZ^4.63 (24) and 1«0.I (2S) were obtained frwri Pi*. 
Wesley Dunnii;i( (University of MlcWgart).The murine 180.1 cells were 
grown Iri RPMI 1640,. JO%FGS while theTH2.S4.63 cells werccultui^d 
in RPMI 1640» 596 FCS, 10% NCTC 109 (Gibco). The fiiand murine 
erythroleukcmla tell line . (MEL, Rcfc- 26 and 27) was providwl by Dr. 
Midiael Clailc (University of Michigan) and cultured in Dulbecco's 
modified Eagle'* medium, 1096 FCS. The murine macrophage ceil lines 
RAW264.7 (28, 29) and P388Di (ATCC TIB 63. Ref. 30) were provided 
by Dr. Steven Kunkel (Univeislty of Michigan). RAW264.7 cells were 
grown In Dulbecco's modified Eagle's medium, 10% FC^S, whlJe the 
pal8£D, cell lino w?io imlntalned in RPMI 1640 media. 10% FCS. 

MubQdles-nkiiXSrLo^ii X (antl-SSEA-1, itvtms.^ monodonal IgM, as- 
cites; Rer. 13) was prtiWded by Dovor Solter (Wlatar Institute, PhlU- 
delphia, PA). Antl-M and antl-Lewls a anUbodiei {mouse IgM nrono- 
donal, anUgen-affinlty purifled) were purehased from Chftmblomed, 
Ltd., Edmonton. Alberta. Antl-ilalyl Lewis x Ow»^ monoclonal IfiM, 
HPLC purified from ascites) and anU-alalyl Lewis a (mou*e moraoclMial 
IgCSf/ammor^iimaiU^^ antibodies (3 1-33) were 

provided by Dr. Paul Terasakl (Univei-aity of Callfomia, Lo* Angele3, 
CA). Fluorescein isoChlocyanatfr-conJugated goat anU-mouse IgM or IgG 
antibodies wcnc purd^ased frem Slgm«i. 

Mt^rfne Canomic Ltbr^fy Sa-Mnine—^ppt^^^tBly 1.0 X 10 
combinanc A phage Ixom a ficnomic library prepaiwJ from mouse 3T3 
cell DNA (Stratflgene) were screened by plaque hybridisation, as de- 
acrtbed previously (35). Phage URs were prepared with nitrpcellulose 
niters (Schleicher And Schuell). FUtcr* were prehybrldlzed al 32 *C for 
Z h in fiO% fOTTOomldc, 5 X standard saline dtrate (SSC). 1 X PE (1 X 
PE is 50 mM Trls, ph 7,5, 0.1% 4odlum pyrophosphate, 1% sodium 
dodflcyl sulfate, 0.2% polyvinylpyrolidone (M, 40.000). 0.2% FicoII (M, 
40,000). and 5 mM EOTA). (35). and 150 rtig'mi sheared salmon spenw 
DNA. Filwr* were sequentially bybildizad at 32 ~C for 16 h In prehy- 
brldlxatlon solauon containing w-^^P-labeled (30) prebc consisting of a 
4&a-bp AvaL-Pvini human Puc-TIV fragment. Altemadvely, filters 
were screened with a 324-bp probe derived from bp 57 1 to bp 894 of the 
human Fuc-TIII cDNA (37). After hybridization, Alters Were rtnsed 
twice for 15 mln each at room temperature in 2 X SSC. 0.5% sodium 
dodccyl sulfate: once for 30 mlrt at GS 'C In 2 X SSC. 0,5% SDS; and 
the/i subjected to autoradiography. 11 Independent hyfarldlzation-pOiSl- 
tlve plaques were isolated after iwoaddlUonal cycles of screening with 
the human Fuc-TIV fi-agment. In the siihaequent cycles. liUci-a were 
subjected to an addldonal final riiwe of 30 mln at 65 *C, )n 0.1 X SSC, 
0.1% SDS. Phage DNAS were prepared fix>m liquid lyaates (38) ond 
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were subsequently diaracterlzed by resti-ictlon endonuclcase diges- 
tions, Southern blot analyses^ and stquenclng- 

Subdoning mid DNA Sequence Analysts— h L4-kb Ncot-Sspl frag- 
m&nt homologous to the hum*n FucT-IV probe (46a-bp Aval-PviAl 
fiagnicnt, Ref, 20) was isolated from the phage DNA and subcloned Into 
pTZlQR plasmld vector. A 2,6-kb S^d fragment homologous to the 
humAn FucTJII probe (leprtiscntlng the murine cij-3FT pseudogena 
described under •RcSwiU') was isolated from phage t)NA and subcloncd 
Into the 5a^J site of pTZlOR. The DNA sequences of the*e fragments 
were dciejWined by dideoxy method using Scqucnase sequencing Jut 
(U. S. Biochemical Corp.). Sequence analysis was performed ustr^ tlio 
sequence analysis software package (GCG) of the Univefsjcy of Wlscon^ 
sin Genetics Computer Group (39) and the MncVcctor vgitslon of the IBI 
Pustell Sequence Analysis Software package (Intematlonol biotechnol- 
ogies, Inc.). Sequence alignments were «jsse>nbled wltli the GAP and 
BESTFJT iUncaons of the GCG package. 

Northern Bht An^Jlysis^otai RNA was prepared from mouse (FVB 
strait^ tissues and cultured oelU, ming procedures described previously 
(3a). PolyCA)'*^ RNA was Isolated with ollgo(dT)-celluIose (Collaborative 
Research) diromatogrophy (38). RNA Samples were electrophoi-esed 
through 1.096 agarose gels containing formaldehyde (38) and were 
transferred to a nylon membrane (Hybond-N. Amcrsham Corp.). N'H'th- 
ern blots were pwhybrtdized for 2 h at 42 in 1 X PE (35), 5 ^ SSC, 
sodium dodccyl 9ulf>ite, ^ikd 150 jfg^ml sheared salmon sperm 
DNA* Blots were iJybridJzed for la h at 42 *0 In prel^irbrldlzaaon 
solution containing a "P-labcled (36) l.*i-kb NcoL-SspI Jtagment. This 
sequence begins at the most proximal putative Initiation codon shown 
Jfl Fig. 1 and ends at an S^jA site a|^vo3dmately 90 bp distal to the 
tcrmlnAaon codon. Blots were stripped In boiJing 0.1% SDS and rehy- 
brldiacd with a p-actln probe to confirm that RNA samples were Intact 
and loaded in equivalent amounts. 

Trsnsft£Uon snd Expression of Murine Fuc-TIV Ccnf^—Thts I-4-kb 
Ncol-Sspl fr^igment wassubdoned Into tho plasmld pcDNAl. AplasmJd 
containing a single Insert In the sense orientation reiative to the plaa- 
mld's cytomegalovirus promotar-enharKicr sequences was designated 
pcDNAl-mFuc-TJV. COS-7 cells were transfectcd with this plasmld, 
with thff contrtil plasmld pcDNAI. or withpcDNAI-hFuc-TIV (20), using 
a DJEAE-deXtran procedure (38) as described pnndcusly (37, 40). A 
l.Srkb /^ii-AM fragment derived from the murine putative psnudQ- 
£ene was cloned between the EcdRV and Xt»^ sites In the mairunallan 
expression plaintid pcDNAI. A plasmld containing a slnfilc insert in the 
sense orientation was designated pdDNAI-MPFT. 

Flow Cytt^mctry cells transfected with plasmld 

pcDNAl-mFuc-TIV were harvested (40) 72 h after transfectlon and 
stained with monodonal antibodies dUuted In staining media, as de- 
scribed previously (37, 40). Antl^Lewls a. antl-H. and antt^slalyl Lewis 
X antibodies ^nouse IgM^ were used at 10 p.g/ml. Antl-Lewls x antibody 
(mouse IgM antl-SSEA-l; ascites) was used at a dUuUon of 1:1000. 
Anu^ialyl LcMs a (jnous^ JgG: ascites) was used at a dilution of 1:500. 
Cells were then stained with fluorescein isothioc^^ace-conjugated goat 
anti-mouse IgM or antl-mousc IgG t>M subjected to analysis an a 
FACScan (Becton Dickinson) as described previously (37). Thresholds 
for *rttigen posltlvlty wera set at a fluorescence iDienSl^ level that 
excludes 9936 of transfected C0S^7 Cells tb^t had been stained with the 
tost antibody (anU-H). 

tt7-5FrAs5^>V— Cell extracts containing 1% Triton X-100* 25% glyc- 
erol were prepared fixMn transfected COS-7 cells using procedures de- 
scribed previously (37). «I-3FT assays were performed m a total vol- 
ume of 20 III. In preliminary experiments designed to optimize the 
condiuons for acUvlty determlnaUon, the reacUon mixture contairved 3 
tiiA CDP-[*^Clfucose, 20 mM acceptor (Macctyllactosaminc). and a 
quantity of cell extract protein sufficient to yield linear rcactlOTi condi- 
tions. Neutral acceptors were purchased from Sigma (AAacetyllac- 
tosomine, lactose. lacto-/\^bioso I. Z^fueosyllactoje) or from V-|atis 
(Gal«I-3Gal^l-4GlcNAc). Tha reaction mixture utilized for kinetic 
calculations Included 50 mMTrls.HCl buffer, pH 6.8. 5 mM ATP. 10 mM 
L-tvtQSti, S mM MnCli. 3 ^iM CDP-r"C]fuc«c, and 0.5-l.S of pi^teln 
extract, Concentraaons of acceptor substrates, or GDP^fuw?^, w^rft 
varied as Indicated in the legeniSs to Figs. 3. 4. and 5. S3mthesls and 
charBctertzatlon of unlabeled GDP-fucose utilized for GDP-fucose con- 
■ centmCion activity determinations has been described previously (41), 
The coiKentrations of GDP-fucose in stodc solutions were calculated 
tnfti tl>e UV absorbonce at Z54 nm of 4in aliquot diluted in water. The 
molar extliKtlon coeffJcient of GDP (< " 13.800 at 254 run. pH 7.0. Ref. 
4^ was used for this calculation since the extlncUon coefficient of 
GDP-fucose is not available. Reactions were Incubated at 37 'C for 1 h. 
Blanks were preparBd by omitting the i»cceptor if\ tlte reaction mixture, 
and their values Were »i\btracted from the correspondir^ reaction that 
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ciantined occcptor, background raaio^clWHy t^prc^uclhty repr^^ 
^nLd less thil 1% of the toUU i^cHo^cuviryr In the assays and ccfl*^ 
s^^Jtrtli^*C]fucase present in the GDP4"C]Mco3e a. cbt^ncd 

tcnillnated by tha addition of 20 m1 *r athanoV and 560 mJ of y^Uf 
Sa^pl^ wer^ccnUifug«J at 15,000 X ^for 5 „,ln. ^ « ^^^^^J 
w«4 subjected tosclntlllaUon counUng U» dttem^e thetotiil «™nt of 
J^m^cUvity *n the raflcUon, An iill^i^t of 200 ^d was appIUd io^ 

Th^lumn wait washedSvlth Z ml of wat^r, and the mdlwc^c rjsc- 
do^ pn^ct, not rataln€d by the coW, was quanutated by =^^11^- 
U^^tlng. Reactions with thfl acceptor ar-(^-3)-Sl*)yl.A*a«tylla<> 

wfre renninatcd by .dd*«g ^OSO of 5^ 
S^bate buffer. pH 6.8. Sample* w«(* then cantrifuged at 15.000 X ^ 
ft^Tn^, and * SOO./il aliquot was applied onto a Doivex 1-X8-200 
S^i^l ^pixpJd in the pl^hatB font,, Th. n^^ction product 
wa^erti«3 in^^Me a^d quanutat«d as d^^ 

Tb* ^ti-ucture of tha prrxluct obtained with tt-(Z-3l-sIaIyI-/^«cctyllac- 
tasaininc w« tonfirmsd by HPLC fractionation, before and aRer ncm^ 
S^n^^esuon. as daLibcd prcvlcosjy (20) Th« ^trucmrc. of 0,c 
3^ obtained With the neutral aQc:cptor sub=ttrates CA^acetyUa^ 

by HPLC fiart WUcn. using methods described pr^i^^y (20.^7- 
AS) -nie structure of the radlalabeled i^oduct f^^l-^G^Pl; 
4a»C]Fucoil^3)GlcNAc) obtained with the ^"'^ ^^f^jf^^^^ 
GaI*lt3Galpl-4GlcNAcWa*«rtnrmBd In separate cxpcrimeirt*, ^ins 

ci^matDftj^phy on Dowex 1-X2-400. formate form (35. 37), ^^/^^^ 
:^^d7lSnated by ainim .b^^^^ 

u,^, R^ilnln Instmments: Isocrallc gradient ^0% ^'^'^ 
water; flow rate of 1 miymln) (37. 44. 45)- W''"*"*^'^':.^ 

r!^^{,«rfdt tMWluct was dificstcd v^tb 0,01 units of jadt bean 

nH6 5 The d^fle^t was desalted by Dowex chromatpgrapl^ and frac- 
S^na^ bv Hl^C exactly as described »btwe for the product The 
p^^.^oJ'd.K^on ^ idcntined a. -^^^t-cchartd^^ by virtue of 
S^luUon. At mm. with the trtee«harida standard (Galpl- 

>^a^^ .cg^"t Of the -urine P.<.Tiy 

Sh^™S.?eactlon and subcloned IntQ fJajmld vector pdDNAl 

or seme ENA in^ffu ^f^^^^^^^^^^ 
generated using this plasmld as a temp^lc in Sp6 T7 RNA po^- 

23S«B^ Corp?. P^e lengtii were a^ust«i to an average of 250 
SuS^by Ibnltcd ^kaUne hydrt,lysls. Alternatively^ -^.tUeme or 
sense RNA In situ hybridization piobes were e™"^^„ *" *f^*'""f^ 
^^rtner were dertv«i from a segment of the murine Fu<>TIV gene 
S^;;?^^^ nSl^^de ^tiorridl-74G. and wei^ used directly 

cry^(Lclca) fmm organ* of 129/J 5traln i^^^ 

fixed in 4% paraforrnaldeliyde/phosphatc-buffeCAd saline for 30 mln at 

by a«tlc aniiydrlde. secUons were (ncubated with andser^c or *en^ 
{2 X 10- cprnl^) for 1« h at 5S;C in 20 "t* ^"^J^PH SA 
300 jnM NaCI, 5 mM EDTA. 10 inM sodluiW pyr<^ho^hate 50% fwjn- 
aSSdtloSdJxtransulfate. 5 ^^^^^i'^^^Tli lu^^ 
0-1 M dithlothreltoK and 0.5 mtfnil Bschsrichia cfj "^J^J^^^^ 
were v^hed for 30 mln at 65 In 50% formamlde 2 ^ SSC. 10 mM 
di JSot^eilol. The sections were then subjected to digestion with lO 
3il of ribonudease A at 37 -C to eliminate rc*ld„al nonb^*-P«^ 
Zbc and we^^ then washed agi^n in the wa^ f^^^S?"^ l^l^^l^ 
aS^. Slides were exposed for 2 Wee)« using K^afc Nfi^'Zj'"^***^ 
and^rocessed using D-1& developer and Hxcr (E*.Jtma« Kodak Co) . 
The sections were subsequently stained with hcmato^ylbi *nd eosUi. 

Intitmccinc Mouse BsckcTDSs MappWg-^T&xts^mz backeross 
prSny^etgeL^teaby.^^^ 

S^a4rt C57BLJ0J malei as described peylousty (46). ^ tol^ ^f 2Q5 
r^^^wen, used to the Fut^ loais feee 'Results' for det^b). 

DNA isolalion, restrtcUon enzyme digestion, agarose gel etectrophte'e- 

Southern blot transfer, and hybridii^ition were P*»^«'™^J^ 
Ually ^ described previously (47). AD Wots were prepared wllh Hy. 
bond.N* nylon membrane (Amersham CoipJ. A probe co^respondltig to 



basepi,ir* 172-1203 (see Fig- i) 

labeled with [ft-^^PjdCTP using a nick translaUon I'^b^ii^fi ^ac C^h- 
rin^ei- Mannlieitn) ; waslUng was done to a final stringency of 1 .0 x :>:>\^, 
0. 1% SDS. 65 -C. A fiagmem of kb detected m ^ni-dig^ted 
C57BU6J DNA, and a fragment of 4.7 kb was detected 1" -WJ^^i^' 
digested M. ipc(us DNA- The presence or absence of tha 4.7-kh M. 
iprefu^speclftc //indlll fragment was followed In backctess mice, 
^A dcsSption of the pnsb^ and RFlLPs for the lod linked to i^^^ 
inchidlng iWlnc macJphafie metaJJcclastase (Mw^, low denslO^U- 
poproteln receptor (LdJ^. and erythropoietin receptor {Epffd has XkoU 
itpc^fXBd previously m- Recombination distances "^I^^^^^J^.^ 
described previously (49) using the computei' progi-am SPRETUS MAD- 
INJESS Gene order was determined by mlntmizlne the number of rc- 
conibinauon events required to explain the allele distribution patterns. 

RESULTS 

McIecuJar Cloning of^ Murijie tiJ-SFT G^^A hybridiza- 
tion screen- for a murine 1-3FT gene (sse 'ExpGritncntal Pro- 
cedures") yielded numerous phages that cross-hybridize with 
probes derived from human al-3FT genes. Sequence analysis 
of the Insert ih a representative of a group of phages with 
similar restriction maps identified a region with a substantial 
amount of primary sequence similarity to the coding portion of 
the human Fuc-TIO gene (62% sequence identity; data not 
shown; sequence deposited in GenBank. accession number 
U33456). However, translation of this murine sequence to 
maintain primaiy amino acid sequence similarity to J^uc-TirC 
required the conceptual suppression of multiple frameshift and 
nonsense mutations in the murine sequence. Furthermore, this 
sequence did not yield detectable al-^3FT activity when ex- 
pressed in COS'7 ceUs (data not shown). These observations 
indicate that this murine sequence represents a p^udogene: 
this sequence was not further analyzed. 

i^hls hybridization screen also identified phages containing a 
1 4-kb JVcdl-SSrpl frag^ncnt that cross-hybridizes with the hu- 
man «1-3FT gene encoding FucTIV (19-21). Sequence analy- 
sis of the gene fragment IdenUfies a single long open reading 
frame (Fig, 1), which begins with a methionine codon located 
within a sequence context largely consistent with KozaK's wn- 
sehsus rules for mammalian transIaUon iniCiatlon (52). Hy- 
dropathy analysis (53) of the protein sequence predicted lay this 
open reading frame identifies a slngje ZZ-amino add hydropho- 
bic segment at the NMa terminus, implying that the polypep- 
tide has a type il transmeiahrane topology typical of mamma- 
lian filycosylcransferaseg (16, 54). Sequence comparisons made 
between the predicted murirje protEin and human otl-3Jr Is 
Identiiy significant primary sequence similarities: the murine 
protein maintains approximately 33, 33. 39 and 57% a«^o 
acid sequence idendty With the human Fut>-Tin (37). 'Fuc^TVL 
(45) Fuc-TVn (55, 5*5), and Fuc-TV (57) enssymes. respectively 
(tiata not shown). However, It Is most similar to human Fuc- 
TIV (19-21), which shares 77% amino add sfequpnrp ^cfentity 
with the murine protein (304 Identities at 396 aUgn^d residues: 
Fig. 1). This t^equence similarity includes the conservaOon of 
two consensus sites for asparagine-llnked gjycosyjatjon (Fig. l). 

Maximal sequence similarity Is achieved by aligning the 
niurine DNA sequence In a colinear manner with the sequence 
of the human Fuc-TIV gene (19. 20) and its cDNA (21). Like the 
human Ftic-TtV/ELFT locus, the murine gene apparently 
maintains a single coding ex'on- Primer extension expsriments 
and RNase protection analyses designed to deflne the tran- 
scriptional initiation site for this murine gene have failed be- 
cause of the tendency f<!>i* i« transcript to form secondaxy struc^ 
tare that is resistant to denaturation (data not shown). Hus is 
most probably a function/ in part, of the extraordinarily high 
G+C content within the 5' end of this gene. We also believe 
these obseivations explain our inability to isolate ruU-Jength 
murine Fuc-TIV cDNAs from multiply screened high quality 
cWA libraries (data not shown). Nonetheless, comparison of 
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PlO. Z. Flow cytometry histofirams! df COS-7 cells transrcctcd 
with the murine Fuc-TIV g«ne. Cells triinsrccC«<l wjth either the 
al-3FT cxpnw«lon vector pcbNAl-niFiw-TIV or the control vector 
pcDNAI were stained with the monodonfll anubodles Indicated In U>e 
Utset and were subjected to flow cytometry analysis fExpCiHinental 
Prwctdurts'). Thft data pres«ntcd ot'c ihe mean Jkiear) fluorescence 
Jrttemltles of the antlecn-poviUve population ctf transrected cell^ (see 
"ExperUncntol Piocedtii'ea^. 

the DNA sequences of the murine and human genes through 
positions exceeding 400 base pairs pro?dmal to thcdr respective 
initiation codons discloses that their respective 5'-nankin^ re- 
gions are Identical at 66% of the aligned positions (Fig. 1). This 
high level of DNA sequence identity is maintained throughout 
the region of the human gene where it is co-linear with Fuc- 
TIV/ELFT mRNA transcripts (Fig. 1), as defined by cDNA 
cloning exp^rrimcnts (21), which Jn turn yidd Fuc-TIV/ELFT or 
a longer form of this enzyme (ELFT-L: Ref. 21). The murine 
gene also has the poteritfaj to yield ia longer form of Its polypep- 
tide product. This longer sequence is represented by £i polypep- 
tide initiating at a methionine codon located 33 codons 5' to the 
human Fuc-TIV/ELFT initiator methionine codon. extending 
the shorter murine polypeptide by 33 amino acid residues at its 
NH2 terminus (Fig. 1). This longer murine sequence maintains 
52% amino acid sequence identity with the ELFT7L polypepUde 
in a region immediately proximal to the Fuc-TIV/ELFT initia- 
tor methionine residue (Fig. 1). These observations further 
support the conclusion that the murine gene maintains a struc- 
tural organization essentially identical to that of the human 
Fuc-nV/ELFT gene, . 

, R^>?pr6ssion of the Monse & l~SFT X^ne COS-^ CeiJs—i'o 
coniirm that this murine sequence encodes a funcUonal al- 
3FT. the l,4-kl> Ncal-Sspl fragment encompassing the open 
reading frame was cloned into the mammalian expression vec- 
tor pcDN/^ (see "ExperlniGntal Procedures"), and the resulting 
plasmld (pcDNAI-mFuc-TiV) was introduced into COS-7 cells 
by transfectlon. COS-7 cells transfected with pcDNAI-mPuc- 
ITV were analyzed by flow cytometiy to asses^s the intracellular 
acceptor substrate requirements of the murine eniyme (Fig. 2), 
COS-7 cells are apprtipriate hosts for these experiments since 
they express neutral and a-(Z-3)-slalylated oligosaccharide 



precursors used by <^1— 3FTs to construct surface-localized 
Lewisx (GaI^l-4|Fucnl-3lGlcNAc), sialyl Lewis x, (NeuAca2- 
3Qaipl-4[FucaJ-3JGlcNAc). Lewis a (Ga]01-3[Fucal-4JGlc- 
NAc). and sialyl Lewis a (NeuAc*2-3Gal)31-3lFucal-4]G]c- 
NAc) determinants (45, 55). These analyses demonstrate that 
pcDNAI-mFuC" 1 1 V can deterrnlne Surface expression of the 
Lewis X determinant, but not the sialyl Lewis x, sialyl Lewis a. 
or Lewis a structures (Fig. 2). These results are virtually 
identical to those obtained with the human Fuc-TIV gene (19. 
20. 56), 

Jh Vitro BnzymG Assay of Mouse and Human Fuc^TJVs— 
COS-7 cells transfected with pcDNAI-mFuc-TIV also contain a 
substantial amount of al-SFT activity that utilizes the accep- 
tor /vZ-acetylJactosamine. lliis murine enzyme has a pH opti- 
mum of 7.6 (Fig, 3) and is maximajjy stimulated by Nfn^"*" 
(S-foIcO at a concentration of 16 mu (Fig, 3). In comparison, the 
human Fuc-TIV enzyme (20) is optimally active at pH 7,3 and 
is maximally stimulated by Mn*"^ (4-fold) at a concentration of 
10 mM* when assayed with TV-acetyllactosamlne (Pig, 3), 

Kinetic analyses of murine and human Fuc-TIV enzymes 
indicate that they exhibit, typical substrate concentration-de- 
pendent Michaelis-Menten kinetics (Figs, 4 and 5). The calcu- 
lated apparent Mlchaclls constants Jbr the donor substrate 
GDP-fucose are 16,6 and 27,0 ^ for the murine and human 
en^mcs. respectively (Fig. 4). The apparent Michaells con- 
stants for the acceptor substrates /v-acetyjlactgsamlne and 
a-(2-3)-slalyl--A^acetyIlacto5iamlne are 2-05 and 1,7S mM, re- 
spectively, for the murine en2yme. and 3.3 mM and 6.74 mM, 
respectively, for human Fuc-TIV (Fig. 5).. Both enzymes utili2e 
the neutral type 11 acceptor molecules 2'-fucosyllactose and 
lactose with efllciencies that arc substanaally less than those 
obtained with either a-<2-3)^ialyl-/VacGtyllactosamlne or 
acetyUactosaminc. For example, a single preparation of the 
muriAo en^^c utilized 2'-fucosyllactose and lactose at rates 
that were 7% (LI nmol/ijng'lO 196 (0.2 nmol/mg-h), respec- 
tively, of the rate obtained with AAacetyllactosamJne (16.6 
nmol/mg-h). Only trace amounts of fucosylated product were 
produced when the neutral type I acceptor lacto-AAblose I was 
assayed with the same preparation of murine en:^me (O.05 
nmol/mg-h). These results are virtually identical to those ob- 
tained when extracts containing human Fuc-TIV activity are 
assayed with the latter three substrates (20, 55), Thus, when 
considered together With the DNA and protein sequence com- 
parisons and the flow cytometry analyses, these biochemical 
data indicate that the open reading frame shown In Fig. 1 
encodes an al-3FT activity that corresponds to a human 'my- 
elold''-type od^FT (Fuc-TIV/ELFT) (19-21. 58. 59). 

The G£ilal-3Gal^l-4GlcNAc trtsaccharide is a cell surface 
oligosaccharide epitope. expressed by many murine tissues (60). 
'lliere is indirect evidence for a fucosylated form of this epitope 



Fic. 1, Nucleotide and dodUced^niino acid sequences of tJie murine otl-3FT gene and comparison to the human j^uc-TiV/ELFT 
gene and its cDNAs. The DNA sequence of Ui^ jwurlne gene, and its predicted protein sequences, conrespond to KSFT-IVDNA. and MFT^IVAA, 
respectively. The DNA aaquoncc of th* hvman Fuc-HV/ELFT gene, and predicted protein sequencets, correspond to lines denoted by HFT-IVDNA. 
arid HFT^IVAA. respectively. The A residues of the putative inltiaUon codon of the murine 0(I-3FT gene and of the human ELFT/PUc-TIV sequence 
are assigned wt'resldue 1 of their nucleotide sequence. TIw methionine restldues corrtsponding to these codona are assigned as residue 1 of the 
corresponding protein sequences. Thw* positions are Eiirthor denoted by an ar/iw pointing to these aligned Inldator methionine codons {start of 
ELFTAA} . The InltlaUon codon for the "long" form of ELFT (21) Is also irKllcated by arrows (sUutaf ELFTAA; JhiUalQC codon forELFT-LproCeii^, 
The initiator methionine for the long form of tlve murine polypeptide Js also Indicated by an arrow {stait of long' mouse polypeptide. This 
methionine codon is, encompassed wlSiln die AM site (dottsd undcrJlDed^ used to construct the vector pcDN Al-mFuc-TlV. Arrows also Indicate 
the S'-rrtOSt residues found in the ELFT and ELFT-L cDNAs (Zl) {start' of ELFT cDNA; start o/EUPT-L cDNA^. The sequence alignment was 
Ut;nei^ted using the BESTFIT «nd GAP programs of the UnW^srsUy of Wisconsin Genetics Computer Orovcp (59). The GAP program gcncrtiteS 
symbols between aligned amino adds, according to the evoliitlonaiy distance between them, as measured by Dayhoff (50) and normalized by 
Grlbskov (51). Amino acid sequence identities are assigned a score of 1.5, denoted by a mucalbar. related amino add residues with scores from ' 
0.5 to 1 .4 are denoted by a two dotsMs$ sti'ongly related amino acid residues with scores between 0,1 to 0.4 are denoted by one dor. no symbol is 
placed between dissimilar finino add pairs with scores les$ tlMin 0. 1 . Caps In the amino add sequence alignment «re denoted by a deish. Nucleotide 
sequence identity is tndiwit^d by vem^^^ aligned con^spondlng residues. Caps In the nucleotide sequence Alignment itfe in&inixUd 

by & dotted Jlne, The predicted transmembrane domain of the murine enzyme (amino acids 53-74) is doub/e underJJn^- Consensus SiUs for 
asparaginc-linked glycosyiatlon arc uncfwV/flfid- 
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Fjc 3. pH- and Mn** conccmjratiQjti-al-SFT activity profiles. 
A, pH-*ctivt!y profiles. The enzymatic activity In COS-7 ctils trans- 
fected wlthpcDNAl-mFut-TIV or pcDNAT-hFtic-TIV (20) was ass«iycd 
using ZO m4 /y^atfetyUflctoaamljie and 3 iriM GDP-I**C]fii«i4e (ate "Ex. 
pcrlmcxit^t PnHicdui'fis')- Reactions contained 50 mM sodium «ceCAt6, ■: 
sodium phospliBtft* or Tils-HCI, A. B, Mn** concentration-activity 
profllc5. The ^i^zytn^tlc acUvlty In COS-7 cells transfcctfcd with 
pcDNAI-mPuc-TIV or pcDNAI-hFwc-TJV was assayed using 20 mM 
AAAcetyllactosamlna and 3 fiM GDP'[^*C]Uitjas& fEi^erlRiental Proce- 
dures*)- Reactions contained SO jum Til3-HCI» pH 7.2, 

in murine tissues (Galal-3Gaai31-4[Fiicfll-3lGlcNAc; Ref. 10), 
Win? Studies liSing o hwm^n al~3FT invest that facosyla- 
tion can be a terminal step Jn the ^thesis of this tetrasaccha- 
Vide (61). We find that the murine «1-3FT can efficiently uti- 
lize the tnsaccharJde Ga]al-3Gal^l-4GlcNAc (with an 
apparent = 0,71 mM; Fig- 5Q ta form a fucosylated product 
corresponding to th^ tctrasaccharidc Galal-3Gal^l-4|Fuccit)'- 
3]G]cNAc (see "Experimental Procedures"). This ottservatlon 
suggests that murine glycoconjugatcs containing the Galal— 
3Gaipi-4G]cNAc trisacdharide represent one authentic accep- 
tor substrate for this murine oe1-3FT, Although the htunan 
Ftic-TIV enzyme can also form this tctrasaoch^de product Jn 
vitro (data not shown), this reaction has no apparent physio- 
logical relevance since tiie human genome does not encode a 
functional a(l-3)-galact6^1transferase capable of synthetslzlng 
Galo(l-3Gal)5J-4GlcNAc precursors(6Z). 

ChromosomaJ Location of the Muiinq alSFT Z^ia?— The 
mouse chromosamal location of this Fuc-TTV-Uke gene (locus 
dosignauon Fut4j was detertnlned by interspecific backcross 
analysis using progeny derived from maUngs of ((C57BL/6J x 
A/. sprehis)'Fi X C57BL/6J0 mice. This IntenipedOc backcross 
mapping panel has be^n typod for over 1 600 loci that are >vell 
distributed among all of the autosomes as well as the X chro- 
mosome (46). C57BLy6j and M. spretus DNAs ware digested 
with several enxymes and analyzed by Southern bjot hybrid- 
ization for informative restriction fragment length polymor- 
phisms using a niouis prdbie (see 'Experimental Pro- 
cedures"), The 4-7-kb A^. ^rcf lis //indlll restriction fragment- 
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4. Apparent Mlchaelis constants for GDP-t"C)fucose dc- 



tcnn>ne4 for luouse and human Fuc-TTVs* Apparent valuts 
were determined ^cc ^Expcrimencdl PnxiedcircstO In the presence of ZO 
inM JS^ace^llactosamlne. 15 noA Mn^*, and 50 mM TxIs-HCl, pH 7^. 
Coll extracts prepared fr^xn COS-"?" aXH ti'WKffw;tcd wjth 
pcDNAI-mFuc-TIV exhibited an apparent K„ of 16.6 /am. whereas hu- 
Tiian FuorTIV extt^acts generated using plasmld pcDNAI-hFut-TIV 
maintained on apparent of 27.0 ifM, 



length polymorphism (''Experimental procedures'^ was used to 
rollow the Segregation of the Fut4 lociiS in backCToSS mice. Tho 
mapping results indicated that Fut4 is lt>cated in the proximal 
region of mouse chromosome 9 llnlced to Mmel Ldlr^ and Epcr. 
Although 138 mice were analyzed for every marker and are 
shown in the segregation analysis (Fig. 6), up to 173 mice were 
typed for some pairs of marksT^. Each Jacis ws^ anslysed In 
pajnyise combinations for recombination frequencies using the 
additional data. The ratios of the total number of mice exhib- 
iting recombinant chromosomes to the total number of mice 
analyzed for each pair of loci and the most likely gene order are 
as follow^: centromere - Minetl - 3/173 - Fut4 - 4/150 - LdJr- 
1/161 - Epar. The recombination frequencies (expressed as ge- 
netic distances in centimorgans ± the standard error) are as 
foUows:! A/m&/- 1.7 ± 1.0 - Fuf^- 2.7 ± 1.3 - XdZr-0.6 ± 0.6 
- Epor. 

The pna^mal region of mouse chromosome 9 shares a region 
of homology With human chromosomes llq and 19p (summa- 
rized In Fig. 6). The human Fuc-TTV gene Qocus designation 
FUT4^ was initially assigned to human llql2-qter (63)- More 
recently, the human map position has been reflned to llq2I 
(64). These studies provide additional support for concluding 
that this munne gene is the human homologue of Fuc-TTV 
gene, and cOnllnn and extend the region of homology between 
mouse chromosome 0 and the long arm of human chromosome 
11. 

Tissucspedtic Expression of the Murine Fuc-TlV Gene — 
Northcsm blot analyses were completed to dcHne the tissue- 
specific expression patterns of this murine <yI-3FT gene, A 
single transcript, approximately 4.4 kb in length, was detected 
on blots prepared with pojyadenylated RNA JsoJated from var- 
ious murine tissues and blobd-derlved cell lines (Fig,' 7). This 
transcript is most abundant in the stomach and colon: substan- 
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5. Appsrem Mich^^dis constants for j^^^cetyllactosaminG 
ahd a.(2-3)isialyJ-iV-ace(yllactoflaininc. dcWj mloed for murine 
human Fuc-TIV*- Apparent val«« wert detamilned Ofcc 
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Fic C. Fat4 maps in the proximal region of mouse c^^romo- 
Komc B i^i/r^ was placed on mouse chromosoma O by Intcrspocinc 
baScrS^^alysls. ?hc 5cfireg*Uon pattarm of ^C^and flanWi^ 
ccnc* in 1 Sa badoirass animals that were typed for all I«l sbowri at 
^ topof tha flgun.. For individual p*lx* ofioci. more than 138 anhna^ 
w^rew^d (seftixtf^H- details). ^^^'^^^^^^I^^'f^'t^ 
some Idcntlflod In th* backiu^M* progeny that was Inherited from the 
fCS7EL/6J X A/. spTflMF, parem. Tlio 5^5»c/^d fca^^^ repi>e3ent the 
nr^sencc of a CSTBL/CJ allele, and HtWftf i>£wrfis rcpreseiiL the prcse. icc 
S^^^m^ aUclc. the number of offepriiig InherlUng eadi of 
chrgmosome Is Usted at the bottom of aach column. A partial ctwiomo. 

genes is shown at the bottcm of the flgwr*, Kecomblmtion distances 
between lod *rt centlnmrgans are shown to the IbR of the ehromosoi™, 
and thoposlUons of loci In hwrnsui chrumoStiTn" are slwwn to dia rf^At 
^fereS^or the human map positions of Icci cUcd in ch)* ^Uidy can be 
obtained irvm tb^> Genome Data Base. fiL«>"S«If^^ wfSfJJ.S 
human linkage Infoimatlon malntolncd by The WlHla^n H- Welch Med. 
leal Ubrary of The Jojvw H(*pl(in3 University (Baltlmora, MD). 

tial amovints are also detected in the liUfig. testes, uterus^ and 
small Intestine. Lcsscr amounis of the Fuc-TIV mRNA are 
detected In the thymus, spleen, and ovary, and only trace 
amounts ate observed In the brain, heart, smooth muscle, kid- 
ney, thymus, and bone marrow, llie murine Fuc-'ll V transcripc 
Is not found in liver, salivary gland, or pancreas at levels 
detectable by Northejm bjot analysis using up to 3 ;ig of polya* 
dtrfvylated mRNA (Fig. 7)- 

Northern blot analysis of cultured bleod ccll-typc ceU lines 
indicates that the i^'ut- HV transcript is relatively abundant In 
the murine erythroleukemia cell Una MEL (26, 27)» substan- 
ually less abundant in the RAW macrophage-derived line (28. 
29) and not detectable in the P3S8 macrophage-dcrlvod cell 
line (30) or the three lymphoid cell lines we cxanruncd (T-ceU 
line EU, Ref. 23; mature B-ceJl lines (hybridomas) S107. Ref. 
22- TH2.54.63. Ref, 24; and ISOa, Ref. 25)- These tt^uits sog- 
geat that the mt*rine Fuc-TIVgene, like its human counterpart, 
may be expressed m cells derived from the myeloid lineage but 
not in abundance in cells of the lymphoid lineage. 

In situ hybridi2ation analysis was used to delineate the eel] 



Mn^* «nd 50 mM Tils-HCl. pH 7.2. A A^acctj^Jlactosamine iC„. l^jng 
?J.#cecyIlact«iamlnB as the acceptor, cell extracts prepared ft'^ COS-? 
eel^Misfacted with pcDNAI-mFue-TlV exWbi ted an apparent JC„ of 
2.05 mM. whei^as human Fu^TTV -'^'^ 8S^f|-^i^*2S ^^^^^^ 
DcDNAl-bFuc-TIV exhibited an apparent of 3.8Z mM. A Z -^7^, 
^^Sij-tosamlne K^. ApparenTif^ T^^'^^ t'V^tit. 
KetyUactosamlna as the acceptor were 1.78 mM ^-7,^^?^/?^*^^ 
murine and human F^ic-HV^, respectively. C ^Jf «^-?GaI^^-4GlcNAc 
Sf iSe appart^nt value MStng GaI«l-3GaI^l-4GlcNAc as tho ac- 
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FlO. 7. Tissiie-«pecinc expression p*ttfcrfts of the murine Fuc- 
TIV Polyadenylated RNA SJ*rrtplfia (3 /ig) prepared from vziriou* 

muilne tissues (panel A) cell lines {pBpct B Were *ubj«ted to 
Nca^htivi blot anal^ls as dcscrlbftd under Ej^jeiUiwntai Proccdvircs, 
The hlot was probed with a>*i Ncdl-Sspl frafimcnt using hybridization 
and wash Canditlons detailed under 'E\^fi'nal^tal Procedures Cell 
Unes reprasonl the foll^^lr^g lUvcagcs: MEL, murintjMytUr<daul«mm 
cell Unc;P3aB&nd RAW(^Y/ Z64.7), macrophagej £L< T-celi; SIOZ, 
63 (TH2^.63), arid JJa7, B-Cfd] Unas (hybridomos), RNA mol«t«Iat- 
5l'£c ftt«wlafd3. in kb. are Indicated At the let/i. 

types vcithln some of the organs where relatively abundant 
jevejs of this iranscfipt are present (Fig. 8). These experiments 
dehioiiitrate that the Fiic-TEV transcript accumiOates to sub- 
stantiallevefe wltmn the epithelial ceUs lining the stomach and 
colon (Fig, 8), The Fuc-TtV transcript accumulates to a lesser 
degree wjthln the epithelial cells (both absorptive coils and 
gohlec cells) lining the small intestjnal villi, and tlie mucus 
glands wlthm the small intestine- Fuc-TIV transcripts are also 
evident in the epithelial cells lining the epididymus (FJg- 8) but 
are not Visible Within the testis proper (data not shown). These 
obsecvauons correspond well with Fuc-TIV transcript abun- 
dance seen on the Northern blot analyses {Fig V)- No Fuc-TIV 
transcripts are dciectod in the Kidney or the lung by in situ 
hybrJdizaUon (data not shown), even though low to moderate 
Icvejs of the Fuc-TXV transcript are evident on Northern blot 
analysis. It remains to be detennincd if this apparent discrep- 
ancy may be accounted for by the relatively insensitive nature 
of the Hi situ bybrtdlzatlon method and/or by Fuc-TIV tran- 
scripts in blood cells Within the larger vessels of these organs. 
These cells may contribute to the Northern blot Signals but 
may be eliminated from the tissues prfor to or during prepara- 
tion tar in Situ hybridization. Fuc-llV transcripts are not de- 
tected IP murine neutrophils (data not shown): we have yet to 
deOne which blood cell lineages, and which maturation stage(s) 
of those Jineages. are responsible for the Fuc-TIV transcripts 
observed in bone marrow niRNA- 

. ^- DISCUSSION 

Biochemical studies indicate that selcctln ligand expression 
in -myeloid and lymphoid lineages Is controlled m part by cell 
type-sped Re expression of one or more al-3FTs and that these 
cn^^mes consequently play a pivotal roJe ip^ the human inflam- 
matoty response (5-8). Evidence also suggests that the aber- 
rant expression of these en^rymes in malignancy may facilitate 
the spread of transformed cells via selectin-dependent meta- 
static pmcessea (5-7. 63- B7). The developmcntally regulated 
expression patterns of a-(l-3)'fucosy)ated oligosaccharides In 
mammalian embryos (2, fi-J2) further imply that these mole- 
cules have addiUonal» undefined functions. Given logistical and 
ethical considerations, the laborstory mouse is a useful system 
to Analyze embiyonlc and adult al-3FT gene expression pat- 
terns and to perturb these patterns through transgenic and 
embryonic stem cell approaches. 

The polypeptide product of U^c murine gene described hero 
shares 77% amino add sequence idenUty with human Kuc-TlV 



(19-21). Intcr-specles sequence comparisons have not previ- 
ously been made for any £rl-3FT sequences; the degree of 
sequence IdcnUty observed is comparable with levels reported 
for other cross-species comparisons of glycosyl transferase se- 
quences (68-70) and suggest that this murine gene is the 
orthologous homologue (71) of human Fuc-TIV. This assign- 
ment is further supported by their corresponding chromosomal 
localizations and fay the genomic organization of the murine 
gene and the human Fuc-TTV gene, both of which apparently 
maintain Intronless coding sequences. 

Comparison of the catalytic properties of the murine enzyme 
with those of the human Fuc-TIV enzyme provides additional 
evidence for their homologous nature. Transfectlon studies In- 
dicate that both enzymes can determine expression of surface- 
lDcaliz(sd Lewis x molecules, but not sialyl Lewis x moieties or 
products based on type 1 precursors. The mouse and human 
enzymes maintain similar affinities for the type II acceptor 
/^-acetyllactosamlne, in vitro (2.05 and 3.3 mM. respectively), 
but differ somewhat in their apparent affiniUeS for <](-(2-3)- 
sialyl-AtacetyllactosamJne. Specifically, the human enzyme ex- 
hibits a rather higher apparent (6.7 mwj for the stalylated 
substrate than does the mouse enzyme (1.8 mM). Nevertheless, 
the murine cmyme does not utilize oligosaccharides terminat- 
ing with ff-(2-3)-sialyIated type H chains when it is expressed 
in the cultured cell lines used here. The apparent discrepancy 
presented by the ability of Fuc-TTV to utilize ff-(2-3)-sialylat- 
edtype IX oligosaccharides in vitro, but not in vivo, may be 
resolved by considering recent results indicating that Fuc-TIV 
resides in a Golgl compartment proximal to a-(2-3)-5ialyltrans- 
ferase and thus may pot have an opportunity to operate upon 
such substrates within a cell (72), These observadons further 
emphasize that It is difficult to reliably predict the spectrum of 
oligosaccharide products that will be constructed In a specific 
cell lineage by a given glycosyltransferase solely by considering 
the results obtained from in vitro assays using low molecular 
weight oligosaccharide acceptors. This notion is strongly rein- 
forced by results indicating that the human Fuc-* av gene can, 
under some circumstances, determine cell surface sialyl Lewis 
X expression in trahsfected cells, and that this outcome Is 
criucally dependent upon the glycosylation phenotype of the 
host cell in which Fuc-TIV is expressed (73), Thus, while it 
seems likely that the murine Fuc-TXV enzyme creates Fuc«l- 
3GicNAc linkages in murine tissues, it is not yet possible to 
predict which murlna glycoconjugato acceptors will be utilized 
by this ^1-3FT, and, consequently, we cannot yet predict lha 
cell surface products created by this en^q^e. 

However, one such molecule may correspond to the terminal 
oligosaccharide structure Gali3(l-3Ga3/3l-4GJcNAc. This deter- 
minant is widely expressed in murine tissues (60) » and. as we 
have shown here, is efficiently utilized, in vitro, by the murine 
Fuc-TTVyELFt eniyme. Prior work has prcftddcd indirect evi- 
dence for the expression of the tf-(l -3)-fuco5ylated form of this 
molecule (Galal-3Galpl-4(Fucotl--3lGlcNAc) by murine cell 
surface glytoconjugates during the perlimplantation period 
(10), This tetrasaccharide has also been synthesized in vitro by 
a £equenual cnzyme-asslsted synthetic scheme involving a-(l'- 
3)-galactosylatlon of /v/^cetyllactosamine to form Galorl- 
3Gaipi-4GlcNAc. followed by «-(l-3)-fucosylatlon with an al- 
3FT isoJated from human milk (61). However, since in some cell 
types the murine a 1-3 galactosyltransferase responsible for 
synthesis of the Galal-3Galpl-4GlcNAc precursor trisacoh?.-. 
ride is most probably localized to a Golgl compartment coinci- 
dent with tf-(2-3)-slalyltransfGrase. and distal to the compart- 
ment where Fuc-TIV is located (74), it seems probable that 
simultaneous expression of the Fuc-TIV and a-(l-3)-gaIacto- 
syJtitinsferasG genes will not necessarily yield expression of 
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Fig. 8. In situ hyb^idi^alion Atialy- 
als Qf iB^uc-TlV tnanatcripcs in murine 
tissues. Mouse sU»mAch (A-Q. small In- 
IcsUnc colon an<3 cpldldy- 

mus were hybrtdi2e<i wjth antlsense 
(/I. A Z?. a //. J". -/O or se nse (C, /. U 
mts\^<!i FtifrTIV probes. Panels D, G, 
and J' ore brigh^fleld plwtomlerographs. 
and pM&U C, E, F, H. and /arc dark- 
field photomlcroeraphs* c«ch taken at 
40 X magnlOcaUon. MS. muscle lajrcn GL, 
glands; VL, vUU, Art<Pft& in point 
to the <Ml>ula** lumenaa wltWn the 
epidMymus. 






this tctr^saccharide. Additional information concerning the ex- 
pression pattern of this tccrasaccharlde wi« await the develop- 
ment of antibodies directed against this molecule. 

The Galal-3GaI;31-4[Fuc«l-3]GlcNAc tetrasaccharide rep- 
resents a noncharged analogue of the sialyl-Lex determinant, 
promptitig a stiggesuon that it may represent a possible llgand 
for die selectJns (6 J). It is not yet known if this tetr^Eaccharide 
can participate In sdcctin-dependent cell adhesion processes or 
If it is expressed by murine neutrophils, although the pr^csor 
trlsacchardde determinant Is displayed by these cells.^ It Is 
Interesting to note in this context that the oligosaccharide 
porcion of the murine E- and P-selectin counter-receptora are 
not yet defined, although the sialyl Lewis x determinant is not 
expressed on murine leukocytes (75). at least as defined by the 
use of the monoclonal antibody CSLEX, The dssuMpeciflc 
expression patterns, and funcdons, If aiv- of ^ tetrasaccha- 
ride molecule thus remain an open and Interesting quesUon. 

Northern blot analyses idenuly a single mouse Fuc-TIV tran- 
^pt m all tissues where the gene is expressed, whereas the 
human Fuc-TIV gene generates multiple transcripts (19-21). 
By analogy to other mammalian glycosyjtransferase mRNAs 
(16, 54), the relatively lai^gc size of the mouse Fuc-TiV tran- 
script suggests that it contains substantial amounts of 3'- 
and/or 5'-untransIated segments. The structure of this tran- 
script remains to be determined by cloning and sequencing of 
the cDNA(s) derived from tlils gene. \^e the murine tran- 
script is detectable in bone roarmw, the spcfdHc marrow cell 
types that express this gene remain to be precisely denned. It 
is likely* however, that the marrow transcripts are derived in 
part from myeloid-Hneage caUs since the human Fuo-TIV gene 
expressed in my^^^ Tlie murine erythpld 

lineage may also contribute to expression m the bone marrow 
Since transcripts are decocted In the mouse erythrolcukcmia 
line MEL. The murine transcript is al^o relatively abundant Jn 
the epithelial cells lining the colon and stomach, with some- 
what lesser amauncs in small intestinal epithelial cells. The 



function of this enzyme in these Jocetions remains unknown, 
although it IS interesting to speculate that it serves to partici- 
pate in the synthesis of fucosylated mucins that may operate to 
protect the gastrointestinal UrUng from destructive effects of 
digestive 6n2ymes or from ingested pathogens. The low levels of 
the Fuc-TlV transcript in the testes is accounted for by tran- 
scripts that accumulate in the epididymus- The low levels of 
Fuc-TIV message detected In the kidney, and the trace 
amounts identified In brain and heart, may ropteSGrtt tran- 
scripts derived from speclTic ceU types within the parenchyma 
of these organs. Further irtsitu hybridlzaUon experiments wlU 
b€ required to confirm this possibility. 

These results indicate that while the murine and human 
i'uc-TlV genes are similarly organized, there may be substan- 
ual mtfifspecies differences in the structural, functional, and 
regulatory properties of the orthoiogous «i-3FTs. Evidence 
suggests that the functional roles of their oligosaccharide prod- 
ucts may also differ in significant ways. The expression pat- 
terns exhibited by the mouse aI-3FT gene are different from 
those shown by a rat «-(2"0)-sialyItransferase gene (7G, 77), a 
constituUvely expressed mouse ^.(l-4)-galactosyItransferase 
gene (78, 79). a mouse a^(l-3)-galactosyltransferase gene (60). 
and a series of human sialyl transferase genes (30), When con- 
sidered together with these data, our results provide addiuonal 
support for the notion tiiat transcriptional control of gtycosyl- 
traiKferase gene expression regulates cell Surface glycoaylation 
(54, 80). 

Functional jXTTelates for the regulation of this at l-StT remain to 
be explored. In this context, we have compared our Interspeclflc 
map of chromosome 9 with a composite mouse linkage map that 
reports the map location of many iihdbnM moiiSG miitattJoiis.^ Put4 
maps in a regipn of the composite map that lacks mouse mutations 
with a phenotype that might be expeaed for an ajteradon in this 
locus (data not showriO . The task of assigning function to this locus 



» A. Thall and J. B. Low*, unpublished data. 



» Compiled by M. T, Davlason, T. H. Roderick. A L. Hlllyard, and D. 
P. DooUttle and provided from GBASE, a computerized data base main- 
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may be facJUtated by a more complete underatanding of the lypcs. 
structures, and expression pattcnr^ of this and other murine gly- 
cosyJtransfieriise genes and their cognate oligosaccharide products^ 
In concert with approaches that utilize trgnsgenic and gene abla- 
tion technologies in the mouse. 
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